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FiPiri of the Invention 

The present invention reia.es to an apparatus and method for preciseiy 
consistent, producng iiquid mixtures according to a predetermined recipe, and a 
part icuiar embodiment for producng slur, mixtures a, the point o« use tor chem.ca, 
m echanica, polishing or pianarization (CMP, processing o, semiconductor waters. 
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Rarkg rnund of tte lnvejitign 

Much of current production CMP processing relies on mixing rather large 
volumes of expensive slurry in a hatch preparation process somewhat remote from the 
1 0 point o, use at a CMP worKstation. The CMP processing requires many pohsher 
^stations and hence many wafers being processed with a consistent siur. for 
uniform wafer results. Some slurries, particular those including oxidizers, degrade 
time Siurry degradation results from chemical reactions that start immediately 
up0 n .ending of the chemical components o, the slurry. In order to maintain consent 
slurries, expensive metrological instrumentation and spiking systems monitor and 
automatically correct mix concentrations. Often these bulk or batch slur, m.xtures dnft 
so far out of specification that restoration becomes impossible, resulting in expense 
slurry waste. 

More recent development has been directed to deve.oping point of use slurry 
20 blending, or on demand blending. In U.S. Patent No. 6.01 9.250. owned by the 

assignee o, the present invention, an apparatus and method is shown for dispense a 
liquid a, one or more points of use from a plurality o, reservoirs with a constant flow rate 
of liquid. This apparatus and method include a programmable logic controller for 



soiling va.ves tor «ng and dispensing the vanous liquid components * a 
.ncorporated by reference into this application. 



mixer in 



which several streams of slurry 
pumped together as a single stream 



concentrate and additive chem.cal components 
which is blended or mixed to produce a 



10 application as well. 

^ pum ps preterm use a single motor to ensure the — -ry exponent 

... i ^-.i, ■♦inn anent occurs at the po 
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pumps are operated in pnase .u. 

us ed to maintain a consistent ,e m pera,ure an. low rate tor the siurry components. 

Ev en with such prior art on-demand or point ot use slurry .ending there ,s a 
d esire tor improved s,ur^ consistency and greater flexibility in changing the lurry 

Tho ,„ m <,| url v has a well known meaning ot a 
recipe during CMP wafer processing. The term slurry 

mixture of liquid and finely divided particles. 

There exist, a general need in industry to he able to produce consistent ,,u,d 
mi x,ures from a plurality of selected liguid components according to a predetermined 
rec ,pe. ,. is desired that the recipe be able to be varied tor ,»*«« o, operations as 
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we,, as «o adiust the amounts of each liquid component no, on, y as the des,red -pe ,s 
changed, but as the characteristics of .he liquid exponents change over „me. 

guMMARYOFJHIf INVENTION 

,n accordance with ,he invention, a method, apparatus and system are provided 
for producing consistent liquid mixture according to a predetermined recipe. The 
apparatus comprises a plurality o, liquid component resets inciuding an ,n,e, port for 
.oading a se.ected liqu,d component into a respeCve reserve, and an out,e« port 
throu gh which the liquid component can he discharged. A gas manifold is provided for 
providing the same gas pressure within each reservoir. A plurality o, valves are 
individual, coupled to the respective outie, ports o, the reservoirs. An electron, 
controller contro.s repetitive sequences actuation of the valves to discharge precse 
am oun,s or volumes of the iiquid components from the reservoirs to provide the des.red 
,, u ;d components as doses which are mixed together to form the iiquid mixture 

according to the predetermined recipe. 

The apparatus and method of the present invention effectuate the products of 
the precise, consistent liquid mixtures from the embedded electronic controiler either by 

period or by repetitively sequenced actuation o, the valves while va^g the actuauon 

, n . preferred embodiment of the invention, a method, apparatus, and system 
are providing for producing consistent slurry mixtures to a point of use, such as a CMP 
polisher for semiconductor wafers. The apparatus comprtses a plurality o, slurry 
component reservoirs which include an inlet port for loading a selected slurry 
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component into the respective resell, and an outlet port. Gas supply means are 
included to provide the same gas pressure within each reservoir. A plurality of valves, 
preferably hav.ng relatively high activation rates, are individually oou P :ed to the 
respective outlet ports of the rese.oirs. An electronic controller controls repe.,.,ve 

of the plurality of valves to discharge upon each valve actuation 



5 sequenced actuation 



selected components from the reservoirs to provide the desired 



20 



precise doses of the 
components which are then mixed to form the predetermined consistent slurry. 
The present invention also includes a system in which the apparatus of the 

in communication with a central operational controller which 

which is to be blended in the apparatus for use at 



present invention is 
determines the selected slurry recipe 

the point of use. The system also includes a slurry component supplier including 



sources of slurry components and valves via 



which the components fill the plurality of 



component reservoirs. 

in a preferred embodiment, the present invention takes on-demand liquid mixing 

to a higher level with greater precision of resultant liquid mixture consistency and w„h 
flexibility in dynamic* mixing recipes for specific CMP processing requirements. Th,s 
system preferably permits varying the liquid mixture during wafer polishing and prov.des 
for rapid turn around for processing additional wafers to differing requirements. 

The present invention preferably takes a different approach: mixing liquids such 
as slurries immediately prior to use, ,n the precise quantities required (for example, in 
the CMP embodiment. 100 to 200 ml per wafer) and allowing dynamic control of the m,x 
recipe during wafer polishing. By utWzing relatively high frequency, rapid opening and 
closing valves producing many smal, sequentia, "shots" or doses from each of several 
component reservoirs, one can achieve a precise, repeatable slur^ mixing with a 
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statistical averaging aigonthm appiying to numerous very smal, snots as we,, as ,< 
applies .0 very large batches in achiev.ng .he desired slurry mixture. 

A, leas, three different valving techn.ques provide ,he desired valve actuation 
cyces to ach,eve the statistical averaging aigorithm particu.ahy in smal, mixture volume 
5 applications: 1 . Solenoid driven valves, 2. Stepper motor driven rotary vaives and 3. 
Pezio electric effect driven valves may be used to prov,de .he repetitive small dose 
add,ion of s ^ components from the resen,oirs to achieve .he des.red s,ur„ m.x.ure. 

Pressurized componen. reservoirs preferably hold enough of each component to 
process one wafer. A recharge module quicKly refills these reservoirs just pnor «o wafer 
10 polishing. Flow ra,e is con.rolleo' by maintaining the same resen,oir dispense pressures 
coupled with hydraulic losses through the valves and static mixing elements. Each 
componen. valve "opens" and "doses" sequenflally the desired number of times in each 
reC ipe segment Whi,e. preferably. on,y one valve is "open" a. any time, more than one 
valve can be actuated a, the same time to increase the component doses supplied ,n a 
given time period. Overiapping operation of adjacent valves can ensure consent flow 
rate of mixed product. The "open" time of each componen, valve vanes depending on 
.he curren, recipe segmen, requirement,. Each recipe may consist of numerous 
segmen,s, each segmen, may have a unique mix formula. Computer control enabies 
dynamic recipe adjustment based on metrology of components (incoming chem.cals). 
20 process results or product requirement A now sensor or scale monitors flow of .he 
mixed produc. and reports flow ra,es a. the end of each recipe segmen, to the hos. 
controller. The system takes configurable actions upon detection of insufficient or 
excessive flow rates, as defined with each recipe download. Recipes w,«h variab.e flow 
rates are also possible. 
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,„ a preferred embodiment ,he des.gn preferably supports five metered 
exponents and metered components although the number of components and 

CM P Polisher. The recharge components should be pressurized externally. 
5 Process n„roge, deionized water and clean.ng chemicals provide flush/purge and 
cleaning facility. 

Agonal objects and advantages o, the invention w,„ be se, forth ,n par, ,n the 
de scnp«ion which foiiows. and in par, wi„ be obvious from the desenption, or may be 
,earned by practice of the invention. The obiects and advantages of the invention w„l 
, o be realized and attained by means of the elements and combinations particular, 

pointed out in the appended claims. 

„ is to be understood that both the foregoing genera, description and the 
fo „owing detaiied description are exempt and ex P lana,o„ only and are no. restrict 
of the invention, as claimed. 

nr ,l f F pcc rptPTlON r c "RAW'NQS 

Th e accompanying drawings, which are incorporated in and constitute a par, o, 
tnis specification, illustrate an apparatus, method and system consistent w,th the 
invention, and together with the description, serve to explain the advantages and 

20 principles of the invention. 

Figure 1 is a schematic illustration of the apparatus and system of the present 
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invention. 



valving. 



broken away 



reservoir 
valves. 



«* th* annaratus of the present invention partly 
Figure 2B is a side elevation v.ew of the apparatus 

at an angle to the longitudinal axis to illustrate the reservo,r structure. 
Figure 3 is a timing chart for the valve opening times for the f.ve component 
emhod.ment and illustrating the repetitive seo.uenc.ng of the f.ve h,gh speed 



10 present invention. 

Hgure 6 is a top pian view - a m,*ing — e which is inciuded * - ■** 
and flow measuring section. 



15 



20 



Reference wii, now be made in detai, «o an impiementation consistent wit, the 
present invention as iiiustrated in the accompanying drawings. Wherever possible, the 

description to refer to the same or like parts. 

Whiie the invention has app.ica.ion to the precise, consistent mixing o, l,u,d 
components to produce a iiguid mixture according to a predetermined recipe, a 
preferred embodiment of the invention wii, he described for slurry mixtures a, a pen, 



use. 

- « 
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Rgu re 1 rllustrates schematically the system and apparatus of an embod.men, of 
, he presen( i— wth the s,urry -ding system 1 0 .eluding the point - ^ 
blend ing appals .which > coupied commun,ca,,o,wise ,o a centra, remote 
contro , onions center 14*. —cation link as shown, which can b e 
hardwired . or linked .V an „ or optica, link, no, show. The centra, ccn,c, op— 

polishing workstation 1 3 with which the apparatus is used. 

The system 10 includes a slur, component supplier 16 and gas pressure 

Z be.ow. The slur, component supplier 1 . includes a plural, o, slur. — 
supply members. 17-1 through 17-5 which provides metered components and supply 

unme.ered components, with supply control va,ves. not shown. 
wh ,h contro, the supply - -he necessary slur, recipe components to the point of use 



member 1 7-6 provides 



ig. 1 and in side elevation with a 



15 



20 



apparatus 12. 

The apparatus 12 is seen schematically in F 

1 b e maintained in the «ve generally cylindnca, rese.oirs 22, . 22-2, 22,, 22,. and 

are arranged in ah annular array spaced ahou, a centra, longitudinal axis o, the 

of the invention described here, the number o. reservoirs can be vaned. The five 
reservoirs allow for the inclusion o, enough slur, components to meet most s,ur. 
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re clpe demands. The nu.her - va,ves pre.erah.y shouid — - nun^er - 

■ - M The reserve, volume is chosen to hold enough of the d,«eren» 
reservoirs provided. The resen/ 

rements for polishing a s.ngle wafer. The 
„ r , b¥ way o, e*am P , each have a volume - 100 m.e. The Po«om 

SeCll0n ;i section 3 2 is disposed Pelow the rese„oir section and — 

, 1 34-2 34-3 34-4, 34-5, with one valve coupled to a 

*nped solenoid valves, 34-1 , 34-^, ^ 1 

zi - - - — — e to ,he ,on9 ' ,udina ' : 

generany cylindrical „r - which . ,s connected. The outlet Passage 30 , 

technjques Mn be used for m ,n 9 the precise component doses wh,ch 

mM ng the slurry components, in a preterred emhodiment a — m, X ,n g hamPer 

passages 3S * a centra, aperture « through a gene* planar smear rn«rng 
substrate 40 Flow measurement sensor means 43 Is included In sect,on 38 tor 
~ 9 the .ended sluny - rate as the slur, ,s discharged trom centra, apedure 

apert ures In the top wa, The mi.ng chamher has. Py wa y ot example, a very sm 
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prom o,e m.xing of the dosed components, a plurality o, annuiar grooves are formed ,n 
the ,op wall of chafer 39 in a preferred embodiment. These annular grooves are 

spaced concen,ical,y with the w,dth o, ,he grooves being abou, 0.25 inch and the 
groove depth being about 0.060 inch. 

o, substrate 40 represent the initia, component doses discharged from fhe five 
component rese^oirs via the vatve ou«e, passage onto the substrate. The l.gu.d 

re pea,ed doses from the repetitive sequential openings of the individua, valves. The 
spreading liquid component doses are smeared and mixed together into the desired 
slurry mixlure which is discharged through the central aperture 42 onto the CMP 

central discharge aperture as illustrated in dotted line schematic fash.on. 

An electronic control section 46 is seen mounted oh the side of apparatus 1 tn 
,he schematic view o, Fig. 1 . and can be mounted in any convenient iocation on the 
apparatus 1 2 with wiring connection from the microcontroller 48. seen in circu,, 

of da .a The electronic control section 46 will be explained in detail below, .nclud.ng 
how it is connected to the high speed valves to control the open.ng of these valves. 
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A slur, component feed iine .8 extends ,0. - slur. component supply 1 to 
each rese^oir to permit *. c, the respeCve rese„oir with - -~ *»* 
components, which a, typically a slurry concentrate, ox.dizer such as hydrog 
P ele. de,on, Z ed water, and other selected - components as a, we.l 
and used in CMP processing. 

38 to pen™ a . b|end has been discharged, 

chamber for purging and cleaning the system after a slurry 

nized water or other chemical agent to the wafer through the m,x,ng 
or for providing deionized water or owe 

chamber central exit aperture. 

be fo lted and deposited onto the CMP wo.piece. Prefer,,, the apparatus 
of the present invention allows for option o, the slur, recipe for spec. CM 

uhed bv the very accurate control of the s.urry components 
polishing. This is accomplished by the very a 

Ih are added to form the lipuid mixture according to the predeterm.ned rec pe a a 
resu „ d repetjtwe sequential actuation o, the high speed valves , discharge from at 
lea s, .0 doses and preferably from about 5 to 20 small doses, of programmable 
« o, selected component, per valve opening. These doses are d,scha,e a, the 
periphe. o, substrate 40. and the doses rapidly spread in a circu.ar pattern on 
ub Je .0 and mix with the doses o, the other slur, components in a smear m,x,„g 

aperture 42. 



can 
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preferred embodiment by controlling the - open t,me of normally Cos. a ~ 

h ,s ,s best seen in Figure 3. -* — - -** ~ 

„ ♦« tho rPSDective va ves for the 
open s,gnal which is applied in repetitive sequence to the respect, 

nt There are five piots 52-1 through 52-5 for the valve open s.gnals 
seiected component. There are P ^ ^ 

applied to the respective five valves, and the 

_ oir ,n,o the mix,ng and fiow measurement sect,on. Th,s valve open s nai 
p, ot ted aga,nst time in miLiseconds in Figure , This fi 9 ure il.ustrates tha, th 

L his valve openin 9 pattern is repeated until the recipe segment ,s completed, 
the example of F,gure 3. th 

valves which provides a high level of P rec,s,on and accuracy 
prions ,n the slurry .end hased on compensating for the random valve err 
In greater precis.on o, the component proportions can b e had by increase , 
Jr of valve cycles, so that a, 20 vaive open cycies for eve. recipe seethe 

high m,x,ng ratios, the duration of the vaive open periods per open.ng can va 
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e ed in a li«e over 200 milliseconds, although with the embodiment shown the 

as aescnbed above, in order to ensure thorough mixing and precise accurate 
iZen, mixtures the actuation o, the va.ves where a selected number o, actuafion 
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fences a, employed — - « - — « «*- * ^ 

durations of from about 1 .o 255 m,— The higher valve — rate perm.ts 

use of wider mix ratios of components. 

, n an aiternate embodiment. the predetermined recipe is .mplemented by a 

periods with at least two actuation cycles. 

When large batches of ,igu,d components are to be precise, mixed. the valve 

for the smail batches descnbed in the preferred embodiment described above. 

The micro— 54 Is the major element in the e.ectronic contro, seCon 46. 
and the eiectricai circuit schematic shows microcontroller 54 connected to the various 
elements of the system 10 as seen in Figure 4. The preferred microcontroller ,s a 
prod uc, of Microchip Technology, Inc. of Chandier. AZ. and is product number 
P ,C18C452. The microcontroller 54 performs the following basic functions. The 
mi crocon,roller performs the communication with the bos, operation confer 1 4 to 

flo w measunng section to provide feedbac. on the siurry blend flow rate and com e on 

component supply — is ready to supply slur, components to the rese™, 

The microcontrolier 54 is connected to each of the five high speed valves 34-1 
throu gb 34-5 to control the application of the valve open signals 
controls opening of the valve, and the microcontroller 54 controls the duration of the 
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valv e open s,gna, and the repetitive seeding o, the valves. The high speed valves 
are preferably scenold va,ves. B y way - example ft. high speed valves a, solenoid 

,, h the tradename BIO-VALVE and supplied by the FURON division of 
valves sold under the tradename 

Saint Goblain Performance Plastics. 

The preferred microcontroller 54 is a 40 pin surface mount device with a serial 
communications port for communicate with the host operation contr*, Preferably. 
m ,crocon«ro,ler 54 has in-circuit pro g rammin g capability with 32K o, program memo, 
and 1536 bytes of data memory. 

The microcontroi.er 54 which is a very high speed device operat.no. at about 

by individual octal driver latches which permit 
pply operating signals to the solenoids which 



relatively high speed for valve 
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MHZ is connected to the solenoid valves 
the very high speed microcontroller to su 
operate at speeds of up to about 300 hertz, which is 

operation. 

The microcontroller 54 is seen schematically connected to other system 
dements in Figure 4. A source of potential 56 provides power to the microcontroHer as 

SO and solenoid 58 are shown in Figure 4, i, should Pa understood there are Ave 
indiv ,ual means and solenoids since there are five valves and component resets. 
The microcontroller is shown connected to ground means 62 and a programming 
me ans 64 for in-circui, programming. As mentioned with respect to Figure 1 . the host 
operation controller 14 is coupled via a serial data linK to the microcontroller 54. w h 
h0 s, operation controller ,4 providing slurry recipe information and genera, contro, 

ecuipment. including CMP workstations 1 3. The microcontroller receives sensor data 
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from sensor means 66, which 



includes a variety of sensors for measuring slurry flow 

. Enable and ready means 68 
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and for measuring the liquid levels in the reservoirs 
provides input to and rece.ves feedback from the microcontro.ler regarding the status of 

ancillary support and safety means. 

The microcontroller 54 receives sensor inputs from the slum, now sensor and 
from sensors associated w,«h the resets which indicate the relative volume o, 
component in each reservoir, .n this way the microcontroller monitors the slum/ 
.ending process. Sensors associated with the siurry component supplier means and 

supplier provide inputs to the microcontroller as safety signals to 
prevent initiation o, the slun, blending cycle i, there is an interruption of these important 
supplies. The slurry recipe data is provided from the host operations con,ro„er 
stored in the microcontroller memo^ for use in carrying out the slur„ blending 
operation. 

just prior to each wafer process, the electronic controller receives a recpe 
d ownload from the host operation controller. This recipe contains the sequence of 

describe the proportions of the required (or desired) m.xture. 

also includes interation factors that 



the gas pressure 



valve actuation times that 
in addition to the valve actuation times the recipe 
tne e,ec«ronic controller app.ies to each recipe segment during recipe execution. Each 

20 statistical averaging process. The more iterations the greater random error reduCon. 

The operation and process for the blending of the slur^ components ,s shown ,n 

determines in step 510 whether the resets are full, from the high liquid level sensor. 
„ a rese^olr is no. full, the microprocessor transmits a vessel refill request code ,n step 
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15. When all reservoir vessels are full, the micro 



processor terminates the refill request 
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at step 520. i , 

When ,he reservoir vessels are a„ deterred ,o Pe ,uli, .he .icrocon.roiler 

recejves . s , gnal from th9 hos, opera«ion center ,ndica.ing whe,her ,o re.se .he 
„ew recpe ,s ,o he used, .he ..crocon.roiier rece.es ,e .o.a. nu.her c recpe 

I which recipe segn^s are ,or use d.ng *. se.eh.la, C M P pr.es., ^ o 
a , v en wafer. The n—er rece.ves a. s.ep 540 ,e recpe segme, g.h. 

II and transmits « .o ,e hos, coh t ro„er ,e — g recpe da^ 
, f the ae.ermlna.loh a. s«e P 5 2 5 Is .o reuse .he c U rren. recipe. ,e process adv 
step 550 a. which .here is a .remission conning ,he recipe da, .o ,e ho, 

b ,ehd ready s, g na, a. ,ep 560. » ,e recipe is no. conned, a recipe error * 
ge „er,ed a. s.ep 565. .oiiowed hy a de— ion a. s.ep 5,0 o. whe,er ,e n, 

♦ o^n^n if the limit is exceeded, a failure signal is 
exceeded the process returns to step 530. If tne iimn 

:inic,ed a. s.e P ,5 .0 .he send hiender no. read, signa, s.ep 5S0 wh.ch p.s ,e 
blender apparatus in a sleep mode at step 585. 



step 610. and a rechec, after a mining <ime - whe.her .he flow ra.e is in range a. 
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• , u , a, step 640 If .he flow rate is within range, the blending contmues 

una me recipe . finished step ^ 
,ep 635. and a send lender no, ready s,gna, ^ 

ho at steD 585 If the recipe is not finisnea me y 
being placed in sleep mode a, , 6 ^ ^ 

to the generate blending valve sequence step 

(he semconductor wafer tor 
,n the CMP process worKstatio ^ ^ 

... „h thp reservoirs of the apparatus of the preseni 
polish ,ng and the - ^ ^ ^ ^ ^ 

the posing. The new P ^ ^ ^ ^ ^ 

°- receipt of :::r: e - ^ - * - — . ^ ^ 

- r6CiPe ^ mpte ted conation flow rate data ,s sent to the host 

each recipe segment ,s comp^ ^ ^ ^ [he 

— ' ^ " re : e I ta bV si. and executes a partia, s y s, m 

" ^ Tttol — ^ - apparatus Is idle for an extended P e,d. 
flush/purge and waits for the nexi 

™ p u fresh slurry for the next wafer, 

a complete system flush/purge ensures fresh sluny 

This invention has the ability to execute unique recipes for each wafer 
proce I legion of recipe advent is sufHcientiy «ne to ailow cordon for 
11, incoming chemicals.changes in, arget process pe^orother 

rab ,e facors This capability provides several process advantages, 
measurable factors. concenlra ,ions va^ from 

,„ current bulk chemical dispense systems, 
, , These variances result from inaccurancy in the mixing/diluting methods 
the ideal. These variant conditions, etc. 
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to measure the co—n * a complex m, X ,ure (liKe a CMP Slurry,. 
de ,ive, systems include — a,,on .conductivity, -sity. «"* - - 
thal report this parser to a central facto, contro, and .ending system ( MS 
Th ,s information ,s o«en readiiy ava.iabie in the typical semiconductor fa. .a*. The 
electronic control,, in the present invention can be prog— to adjust the rat.os ot 

chemical concentrations can be eliminated from the resultant mi*ed iigu.d. 

oth er process conditions change. The invention can he programmed to ad.ust the 

variations from wafer to wafer or batch to batch can be minimized. 

proce ss behavior from pa, to pa. These venations could be due to differences ,n the 

us e of the parts. The invention can be programmed to adjust the ratios of vaive 

th e part is customized to the speciftc requirements o, that pa. Such advent can 

, C an also be used to compensate for measurable variances in the parts, due to prev,ous 
process steps. 

Other embodiments o, the invention will be apparent to those skilled ,n the 
from consideration of the specimen and practice o, the invention disclosed here,, „ 
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